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Abstract 
Global percent tree cover is an important parameter to understand global environment. It can be used for 
deriving carbon cycle models as one of the environmental parameters in it, deciding environmental policies and 
understanding the present environmental situation on school education. Some attempts to produce global percent 
tree cover maps have been made so far. But previous maps of global tree cover percentage are not so accurate. In 
this study, simulated t~aining data were created by combining a lot of ground truth data consisti11;g of various land 
cover types to improve the accuracy of the estimate of percent tree cover. QuickBird images and Google Earth 
images were used for getting training data. Percent tree cover was estimated by regression tree method using 
MODIS data. 
Keywords : Global MODIS 2003 data, Google Earth, decision tree. 
1. Introduction 
Forests provide foundations for life on earth. They serve 
as habitats for it and regulate the climate and water resources. 
But they have recently been converted or degraded to 
unsustainable forms of land use, because of urbanization and 
deforestation by expanding human populations 1)2). Trees are 
important structural members of forests. They remove 
carbon dioxide from the atmosphere when they grow, and 
emit it when they decay or burn. Some attempts to produce 
global percent tree cover maps have been made so far 3)4)5). 
These maps can be used for deriving carbon cycle models as 
one of the environmental parameters in it, deciding 
environmental policies 'and understanding the present 
environmental situation on sc~ool education. However, these 
maps of global tree cover percentage produced by some 
organizations or researchers are not so accurate. The final 
goal of our study is to produce a precise global percent tree 
cover map in a certain year and to investigate the .change of 
tree cover. 
In this study, percent tree cover was estimated for some 
sites in Eurasia as a preliminaty research. It was estimated by 
regression tree method using MODIS data. The original 
MODIS dataset (Global MODIS 2003 data processed by 
CEReS Chiba University 6)) was converted into the annual 
predictor variables, such as yearly maximum band values, 
yearly maximum NDVI value and yearly average band 
values. The produced predictor variables were used for 
constructing regression tree model and estimating, the 
percent tree cover. QuickBird images and Google Earth 
images were used for getting training data. Because the 
actual land covers are very complicated, various land cover 
types of training data are needed to make more precise 
estimate. For instance, cropland, urban area and many kinds 
of trees and soils are there in one pixel (1km x 1km). To deal 
with this problem, simulated training data were created by 
combining a lot of ground truth data. 
The definition of ''tree" and "percent tree cover ( or tree 
canopy cover)" are a little bit different by the research 4)7)S). 
In botany, tree is defined from following aspects, that is, it is 
perennial or not, it· has a self-supporting stem or not,· the 
thickness of secondary tissues is increasing or not, it 
repeatedly flowers and fruits or not, the girth of its stem 
increases or not, or by height 9)10). But it is difficult to 
distinguish trees well by satellite remote sensing technique. 
In this study, the percent tree cover meant the percentage of 
the ground surface area covered by a vertical projection of 
the foliage and branches of trees at the time when trees have 
grown thick. Small openings inside the crown and small 
gaps between crowns are included. The definition of a tree is 
a woody perennial with a single self-supporting main stem, 
and its minimum height is approximately 3-6m. Trees for 
agricultural production or in gardens, and trees on 
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plantations are included. Bamboos were also included in Table 1 Summary of global MODIS 2003 data 
trees. processed by CEReS Chiba University 
2. Study area 
In this study, percent tree cover was estimated for 9 areas in 
Eurasia. 7 areas were in Asia, which ranged from West 
Siberia to Indonesia, and 2 areas were in Europe, which were 
part of Iberia peninsula and part of Scandinavia peninsula 
(Fig. 1 ). These areas cover various land cover types from 
tropical zone to arctic zone. Training data were. obtained 
from only 7 Asian areas to examine whether these training 
data were enough to estimate the tree cover percentage at 
global areas. 
3.Data 
3.1 MOD!Sdata 
Global MODIS 2003 data processed by CEReS Chiba 
University were used for estimation of percent tree cover. 
The summary of this dataset is given in Table 1. This dataset 
was made from MODIS/IBRRA Nadir BRDF-Adjusted 
Reflectance 16-day L3 Global 1km SIN grid product 
(MOD43B4 NBAR) 11)12). This product is corrected surface 
reflectance to a nadir view geometry at the mean solar zenith 
angle during the observation period using BRDF model. It is 
a product of 16-day composites. It was mosaicked and 
re-projected to geographic map projection at CEReS, Chiba 
University. Furthermore cloud-contaminated pixels were 
linearly interpolated using 2002 and 2004 data to make it 
cloud-free. 
N 
@ 
Spatial resolution Temporal resolution Spectral bands 
32.3748 seconds 16 days Bandl-Band7 
3.2 Google Earth imagery 
Google Earth™ images were used for producing training 
data set and validating the result. Training data were collected 
from only the areas where percent tree cover was almost 
100% or 0% because it was difficult to estimate the true 
percentage of tree cover from Google Earth™ images. They 
were obtained to include various land cover types from 
tropical zone to arctic zone (Fig. 2, Table 2). Training data of 
percent tree cover from 0% to 100% were produced by 
simulation using linear equation. 
Google Earth™ images have some problem for science. 
One of the problems of the use of Google Earth™ images is 
that they might be intentionally falsified. To partially deal 
with this problem, all collected training data were checked by 
comparing with MODIS 2003 data. 
3.3 QuickBird imagery 
Six pan-sharpened QuickBird images were also acquired 
for use in validating the result. Percent tree cover of those 
images was estimated by unsupervised clustering. In case the 
estimation result was not good, on-screen digitizing method, 
which was manual extraction of trees according to visual 
interpretation, was performed. 
Fig. 1. Location map of the study area. Boxes represent areas where percent tree cover were estimated in 
this study. 
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Table 2 Site locations and the number of collected training sites, and their dominant land cover types. The "Area" 
corresponds to that of Fig. 2. 
Area Forests 
West Siberia 19 
Around Kazakhstan 1 
Around Mongol 3 
Japan and Korea 25 
China 4 
Indochina peninsula 6 
Indonesia and Malaya 6 
500 1,000km 
CDWest Siberia (Z)Around Kaz,akhstan @Around Mongol 
@Japan and Korea ([china @Indochina peninsula 
(7)Indonesia nd Malaya 
Fig. 2. Distribution of collected training sites. 
4. Methods 
4.1 Creation of simulated training data 
Training data ranging from 0% to 100% in tree cover 
percentage were created by the equation: 
n 
Si= I a jvij 
J=l 
(1) 
where Si is simulated MODIS 2003 value of band i, Vii is 
original MODIS 2003 value of band i at collected ground 
Number of collected trairung sites 
Grasslands or agricultural areas Urban and bare areas 
40 7 
10 3 
5 10 
18 8 
11 2 
12 1 
11 2 
204 training data in total collected from Google Earth™ 
images were grouped into 53 types, according to its area, 
land cover type and predictor variables. Si was calculated for 
combinations of these groups. In this study, impossible 
combinations, for example combination of forest in Siberia 
and grassland in Indonesia, were not considered. 
4.2 Predictor variables 
The selection of predictor variables to estimate percent tree 
cover is difficult for estimating percent tree cover using 
regression tree method. In previous researches, a lot o( 
annual variables were used such as maximum value of 
NDVI (normalized difference vegetation index), average 
band 1-7 reflectance at three or seven highest NDVI periods, 
minimum band 1 reflectance, maximum band 2 reflectance, 
average reflectance in four darkest reflectance periods and 
amplitude for minimum and maximum reflectance 4)5)13)_ The 
best variables were selected among them. 
In this study, MODIS 2003 values in whole study area and 
simulated training data were converted to only~ 10 predictor 
variables. They were average NDVI value at periods with 
three highest NDVI values from period 9 to 18, average band 
1-7 values at periods with three highest NDVI values from 
period 9 to 18 and minimum NDSI (normalized difference 
soil index) value and average SI (shadow index) value at 
periods with three highest NDVI values from period 9 to 18. 
ND VI, NDSI and sJ14) were calculated from equations: 
band2 - bandl 
NDVI=-----
band2 + bandl 
band 6 - band2 
NDSI=-----
band 6 + band2 
(2) 
(3) 
truth site j~d j is area ratio of site j. Si was calculated at 5% and 
intervals of 0· 
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SJ= {(bandl max- bandl) x (band3 max- band3) 
. 1/3 
x (band4max-band4)} (4) 
where band i is MO DIS 2003 reflectance of band i and 
band i max is maximum band i reflectance in the images.-
4.3 Decision tree model 
Regression tree analysis is used well for estimating percent 
tree cover. In this study, regression tree models were 
produced from predictor variables made from simulated 
training data using Cubist, which is a commercial software 
for _constructing regression tree model by RuleQuest 
Research Pty. The models were constructed to minimize the 
number of rules unless the mean absolute error on training 
data was larger than 5%, in order to avoid overfitting the data 
and keep the stability of constructed models. Band 3, band 4 
and SI of predictor variables were used only in case the mean 
absolute error of constructed model on training data was 
larger than 5%, because these bands had some noises in the 
nnages. 
4. 4 Estimation of percent tree cover 
Percent tree cover was estimated pixel by pixel. Regression 
tree models to apply to each pixel were chosen by comparing 
predictor variables of the pixel and unbiased estimator of 
mean value and standard deviation of predictor variables on 
grouped training data. The average percentage among tree 
models to fit each pixel was adopted as its estimated percent 
tree cover. 
4.5 Refinement of percent tree cover estimation 
There were some cases where trees could not be clearly 
distinguished from grasses or agricultural areas. For this 
reason, new decision tree models were created using MOSIS 
2003 band reflectance and NDVI values of 23 periods 
directly as predictor variables. In these models, only pixels 
fitted to seasonal changes of training data were chosen for 
tree cover estimation. The accuracy of these new models was 
higher, but pixels to fit with these models were fewer. 
5.Results 
The percent tree cover map created on this study is shown 
in Fig. 3. The mean absolute error compared with validation 
data in 71 Asian sites was 10%, and that in 24 European sites 
was 19% (Fig. 4). 
6. Discussions 
The accuracy of the estimation improved by the use of 
simulated training data with the mean absolute error of 10%. 
But the majority of improvement was in areas where training 
data were collected. In areas where training data were not 
collected, the number of pixels whose absolute error was 
larger than 30% became smaller, though mean absolute error 
was not improved. The areas where the estimation result was 
bad were the south of Vietnam and high latitude areas. One 
of the reasons is that agricultural fields in Southeast Asia 
consist of a lot of types in intensity and cropping season. 
Another reason is that we did not use any training data in 
water area. 
These results suggest that we have to collect more training 
data throughout continental or global area for estimating the 
tree cover percentage in global or continental scale. More 
accurate validation and the comparison with previous. 
researches will be necessary. 
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Fig. 4 Comparison between estimated tree cover 
percentage and the actual percentage extracted from 
Google Earth™ images and QuickBird images. The mean 
absolute error of the estimated percentage in Asia 
and Europe was I 0% and 19% respectively. 
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0 1 00 Tree canopy cover (%) 
Fig. 3 Percent tree cover estimation map for this study area. This map was produced by regression tree 
method using MODIS data. Training data were created by simulation to combine a lot of ground truth data 
c.onsisting of various land cover types. 
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